Introduction
Algae are photosynthetic organisms which exhibit greater diversity and have gained potential interest as a resource of bioactive compounds. Seaweeds were seen to be eaten for centuries by humans living along the coastlines all around the world. Ireland has a rich tradition of using algae in soups. In many other countries, it is also used as an animal fodder. Henceforth, the cultivation was promoted, with special considerations on red and brown species which has a traditional background for the use in medicinal purposes due to their richness in bioactive compounds [1, 2] . Seaweeds are not only edible but also tasty and healthy, with large and fairly unexplored potential use in the cuisine. No daily recommendation for intake of seaweeds is available. It's mainly due to the high volatility of its biochemical compositions. In most of the countries, no special regulations have been defined for seaweed consumptions, so that, it has to follow the general safety regulations. The direct human consumption of a broad range of seaweeds as food is increasing over Asia. The western world has shown the increase in terms of seaweed extracts as an application in nutraceuticals [1] .
Assessment of the chemical composition of marine organisms is an essential element to evaluate its economical, ecological and biological roles. Seaweeds produce multifaceted compounds like vitamins, proteins, polysaccharides, flavonoids, carotenoids, phenolics and secondary metabolites including terpenoids, saponins, fatty acids and its combinations [3] . These compounds exhibit a wide range of actions on adverse agents that are present in the marine environment [4] and vary with the intrinsic and extrinsic factors such as genetic aspects, age, heat, light, air, mode of extraction, extraction solvent medium, extraction duration, drying procedure and storage [5] .
Florae offer a large range of natural compounds that belong to various molecular groups with different bioactivity properties in humans. This versatility in chemical properties led to the rise in several researches on plants to derive on compounds that could be used in advanced medicines. Saponins are considered as a key ingredient in the traditional Indian and Chinese medicine, which are observed for most of the biological effects. This group of compounds are known to produce healing effects on inflammations and so is used up commercially by the nutraceutical industries. They exhibit beneficial effects on lowering the blood cholesterol, acting against cancer along with antiviral and antimicrobial properties [6] . They include the cardiac glycosides which are used in the treatment of cardiac disorders and cardiac arrhythmias [7] . Seaweeds have been already reported with appreciable amounts of saponins content [8, 9] .
Selection of the extraction solvents plays a great role in the determination of the chemical constituents and their antioxidant and antimicrobial activities. Studies promote the use of methanolic extract for higher antimicrobial activity than the direct n-hexane and ethyl acetate extracts [10] . Organic solvents were observed to yield high activities in comparison to water based extractions [11] .
Fresh and processed food products are preserved in order to maintain its quality and to extend the shelf life. Chemical preservatives and antioxidants are generally used, but legislations have restricted their elaborate use in foods. Reactive oxygen species and oxidative stress generated in human beings due to the changing living conditions have led to the occurrence of a variety of chronic diseases, including coronary heart disease, cancers, diabetics, etc. Reactive oxygen species are highly toxic that result in cell death and degradation of tissues. These highly reactive species have to be destroyed or neutralised by antioxidants supplied through foods which are either artificial or natural [12] . Artificial antioxidants like the butylated hydroxytoluene (BHT), butylated hydroxyanisole, resorcinol, etc., were found to be highly effective, but the concerns on its toxicity and carcinogenicity, led to the search for the natural alternatives. Severe light, temperature and oxygen, to which the marine algae are exposed to, lead to the generation of free radicals and other reactive species. But, seaweeds are observed to be resistant to these conditions, and propagating in their growth patterns [12] . Their stability suggested the presence of protective and antioxidative defence systems that include compounds such as phenolics, vitamins (C, D and E), carotenoids, saponins, monounsaturated fatty acids (MUFAs), polyunsaturated fatty acids (PUFAs), etc. [12] . The antioxidant assay was seen important in the chemical investigation of seaweeds. Many related works suggested the need to carry out more than one type of antioxidant activity measurement, in order to determine the various mechanisms of antioxidative activities as no particular studies would reflect all the aspects of the antioxidant activities. Methods for the determination of antioxidant capacity differ in terms of their assay principles and experimental conditions. Current consumer preferences lead to foods that contain minimal chemicals and are microbiologically safe. Many sterilisation methods are adopted to maintain the microbiological load to minimum level, with non-thermal processes gaining higher attractions. These processes include the addition of natural antibacterial extracts [13] , high pressure CO 2 , high intensity pulsed electric field, irradiation, ultrasound etc., which could preserve food without degradation of its organoleptic quality. The use of natural antioxidant and antimicrobial agents that inhibit pathogen growth and deterioration has gained recent attractions. Seaweeds with high bioactive composition have strong bactericidal and antioxidant activity. Phytochemicals with antioxidant and antimicrobial activity were observed in red, green and brown algae [14] . Bacterial diseases are usually arrested using drugs or chemicals, which results in the mutation of bacteria due to their indiscriminate use. It becomes a greater problem of giving treatments to those infected with such mutated microorganisms. Advanced antibiotics are being developed whose cost is high and the efficacy is still interrogative. The decreased efficacy of antibiotics to drug resistance bacteria has made the search for alternatives from natural sources. Marine biota has proved to be worth in this search which consisted of diverse secondary metabolites, especially seaweeds, that exhibit bactericidal and bacteriostatic properties [15] . Brown algae were reported to be active against both Gram-positive and Gram-negative organisms [16] . Since ancient times, the antimicrobial properties of the seaweeds were recognized, even though the in-depth exploration has not been done so far.
Treatment of cut vegetables with edible seaweed juice containing such PUFAs and volatile compounds were worthy for the studies in the prevention of vegetable browning and poisoning [17] . Omega-3
PUFAs including eicosapentaenoic acid and docosahexenoic acid were found to have beneficial clinical and nutraceutical applications [18] . Omega-3 fatty acids are essential unsaturated fatty acids which have to be provided through diet for human and the primary sources are represented by marine fishes and fish oils [19] . As an alternative source, marine macro algae have been studied as potential sources of unsaturated fatty acids which could be cultivated on large scale [20] . Fatty acids like the linolenic acid, palmitoleic acid, hexadecatrienoic acid, eicosapentaenoic acid, other saturated fatty acids (SFAs), ω-3 and ω-6 unsaturated fatty acids were reported with antimicrobial activities which act through their detergent activity by destroying the bacterial membranes through auto-oxidation [21] . Many topical applications containing these fatty acids have seen to be highly effective against bacterial infections [22] . Mixture of dichloromethane, methanol and acetone were reported to extract diterpenes from Dictyota menstrualis [5] . Macro algae were reported to have low lipid contents with high PUFA contents in comparison to terrestrial plants [23] . Gas chromatography-mass spectrometer (GC-MS) analysis of the essential oils of brown, red and green seaweeds, extracted using dichloromethane and pentane mixture showed the presence of flavour compounds such as hexenal, nonanal and nonenal with antimicrobial activities against Escherichia coli (E. coli) and Erwinia carotovora [17] .
Current study focused on the determination of the bioactive potentials of the six selected seaweeds from the southwest coast of India (Kerala coast). Saponins content, sequential solvent extractions using petroleum ether, chloroform and ethyl acetate and its corresponding saponification and iodine values, antioxidant assay using 3 methods, antimicrobial assay against 2 Gram-positive and 2 Gram-negative bacteria and the GC-MS profiling were determined to substantiate the purpose of this study.
Materials and methods

Chemicals used
All the standards were brought from Sigma (USA) and controls from ChromaDex (USA). Chemicals used were of analytical grade and the solvents were purchased from Merck (Germany) in high performance liquid chromatography grade. Water used was purified on a Milli-Q® system from Millipore (Bedford, Massachusetts, USA). Quantifications were done in triplicates against standards and results were reported with standard deviations. Chloramphenicol and tetracycline were purchased from Sigma (USA). Mannitol salt agar, nutrient agar, Levine eosin methylene blue agar, xylose lysine deoxycholate agar and soyabean casein digest agar were purchased from Difco, USA. 
Pathogen culture used
Sampling
Six seaweeds, comprising Chlorophyta and Rhodophyta groups were collected from the Kerala coast, South India (Table 1 ). E. prolifera was obtained from two locations. Samples were cleaned in salt water thrice followed up with fresh water and then dried under shade, ground and sifted through 300 microns nylon sieves. The fine powder was stored at room temperature maintaining the moisture level < 2% and the ground samples were used up in further analysis.
Estimation of saponins
Saponins contents of the seaweed samples were estimated by the double solvent gravimetric method [24] . 2 g of the ground seaweed sample was mixed with 50 mL of 20% aqueous ethanol solution and heated at 50-60 °C in a water bath for 90 min. The supernatant solution was filtered off through a Whatman No. 40 filter paper. The residue was re-extracted twice and the supernatants were combined. The combined supernatant was reduced to 40 mL at 90 °C and transferred to a separating funnel. A volume of 40 mL of diethyl ether was added and vigorously shaken. The ether layer was separated off and the aqueous layer was re-extracted twice with 40 mL of diethyl ether. The diethyl ether layer was kept aside. The aqueous layer was extracted further with 60 mL of n-butanol thrice. Combined n-butanol layer was dried in a pre-weighed evaporating dish at 60 °C , and the weight of the residue was estimated, identified as saponins fraction (SF) and reported as the percentage of saponins to dry weight of the seaweeds.
Preparation of fractions
The residue of the above saponins extractions including the seaweed residue, diethyl ether layer and aqueous layer were combined together desolventized and then repeatedly extracted using 50 mL each of 90% methanol-water until the supernatant was clear. The aqueous methanolic solution was then reduced to half of the extract volume. Later, 100 mL 6 mol/L methanolic KOH was added and refluxed for 3 h. The extract volume was again reduced to one fourth under vacuum at 50 °C and transferred to a separating funnel and sequentially extracted using petroleum ether and ethyl acetate. The extracts were collected after desolventization under vacuum at 40 °C and named as petroleum ether fraction (PEF) and ethyl acetate fraction (EAF). The left over aqueous phase was acidified to pH 2.0 to 2.5 and extracted using chloroform. The dried layer was named as chloroform fraction (CF). All the above fractions were further subjected to saponification value, iodine value, antioxidant activity, antibacterial activity and GC-MS profiling analysis.
Determination of saponification and iodine values
Saponification and iodine values provide information regarding the extent of unsaturation and availability of saponifiable matters. Estimations were done based on the analytical procedures evidenced in the Indian Pharmacopoeia [25, 26] . The saponification value was reported as the milligram of KOH required per gram of the sample and iodine value was reported as the weight of iodine absorbed per gram of the sample.
Antioxidant activity
In the present study, antioxidant activities of the extracts of seaweeds were evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method which established the potency of the extracts in free radical quenching, UV-vis ferrous tartrate method which evaluated the potency of the extracts in acting as a reducing agent and KMnO 4 titration method which estimated the efficiency of the extracts in undergoing complete oxidation, which in return extended its antioxidant potential. These three analytical methods were used for the in vitro antioxidant activity studies and its efficacy was reported as the percentage of equivalence to the corresponding standards -ascorbic acid, α-tocopherol, BHT and resorcinol.
Antioxidant assay: DPPH method
The assay was done as per the method given by Brand-Williams et al. [27] . The standard curve was observed to be linear between 403 to 1 613 µg/g for ascorbic acid, 409 to 1 637 µg/g for α-tocopherol, 406 to 1 626 µg/g for BHT and 405 to 1 621 µg/g for resorcinol. The r 2 values were > 0.95. Results were expressed as the percentage of equivalence to the corresponding standard. Additional dilutions were done upon the requirement, when observed to be deviating from linear range.
Antioxidant assay: UV-vis ferrous tartrate method
Antioxidant activity was determined by using the modified UV-vis spectrophotometric methods [28] . The standard curve was observed to be linear between 403 to 1 613 µg/g for ascorbic acid, 406 to 1 622 µg/g for BHT, 409 to 1 637 µg/g for α-tocopherol and 405 to 1 622 µg/g for resorcinol. The r 2 values were > 0.95. Results were expressed as the percentage of equivalence to the corresponding standard. Additional dilutions were done upon the requirement, when observed to be deviating from linear range.
Antioxidant assay: KMnO 4 method
Antioxidant assay was estimated by adopting the Ribereau-GayonMaurié titrimetric method with KMnO 4 and indigo carmine dye as an indicator [29] . Results were calculated with the estimated observations against the standards such as ascorbic acid, α-tocopherol, BHT and resorcinol and were expressed in percentage of equivalence to the corresponding standard.
Antibacterial study
Positive cultures purchased were initially cultured in the respective selective culture medium and the log phase of the culture was subsequently swabbed into the soyabean casein digest agar plates. pH was maintained at 6.8 to 7.2. Antibacterial activity study was done based on the Kirby-Bauer disc diffusion method [30] . All the four fractions, namely, PEF, EAF, CF and SF were dissolved in methanol at a concentration level of 100 mg/L and were screened with pathogenic bacteria [two Gram-positive (S. aureus and B. cereus) and two Gram-negative (E. coli and S. abony)] against 100 mg/L of chloramphenicol and tetracycline as the positive controls. Methanol was used as the analytical blank. Activity was measured in mm of the clearance area around the disc, discarding the diameter of the disc and reported as percentage of inhibition against the positive controls.
Preparation of fatty acid methyl esters for GC analysis
Fatty acid methyl esters of the algal CF extracts were obtained as follows: 100 mg of the dried chloroform extract was taken in a Pyrex tube and dried under nitrogen. 1 mL of 50% sodium methoxide (NaOH/methanol) in methanol was added and heated in a boiling water bath for 15 min. After cooling, 1 mL of BF 3 was added and the solution was kept in boiling water bath for 15 min. After cooling, 1 mL of high performance liquid chromatography grade n-hexane was added followed by 1 mL of saturated NaCl solution and swirled for 10 min. The upper layer was collected, moisture removed by addition of Na 2 SO 4 and injected to GC-MS.
GC-MS analysis
Different fractions were chromatographically analyzed on Perkin Elmer Clarus 680 gas chromatograph equipped with mass spectrometer with electron ionization as mass identification source. A 30 m × 250 µm dimethyl polysiloxane with 5% diphenyl (Elite-5MS) column was used. The extract was diluted with methanol and filtered through 0.2 μm sterile syringe filters and 0.5 µL of each fraction solution injected and analyzed with single quadruple mass spectrometric detector. Structural assignments were based on the analysis of fragmentation pattern of mass spectra in direct comparison with the profiles in the National Institute of Standards and Technology library (version 2.2) at a hit rate > 85%. Results were reported upon the relative concentration of the compounds in the injected volume of sample to the dry weight of the seaweed. Economically important unsaturated fatty acids were reported as the actual concentrations and the relative concentrations of unsaturated fatty acids.
Statistical correlations
All the values of observation were the means of three replicate determinations (± SD). All the statistical correlation analyses were carried out using SPSS 16.0 for Windows [31] . The Pearson correlation test with bivariate significance was adopted and the positive r 2 values explained the relation between the chemical constituents and activities.
Results
Saponins
Saponins are steroids or similar compounds with glycosidic linkages. Saponins were observed and quantified in all the analyzed samples (Table 1) . Chlorophyta exhibited the maximum Table 1 Taxonomic classification of seaweeds collected from the Kerala coast and the solvent extraction yields. n = 3.
Species
Sampling concentrations (1.19% to 1.72%). C. antennina had the highest (1.72%). Among the Rhodophyta, G. foliifera alone exhibited similar concentration levels of Chlorophyta (1.21%). The least saponins content was observed in G. corticata var. cylindrica (0.27%).
Seaweed fractions
Fractions collected after sequential solvent extractions were dried and the yields were estimated. Values were reported as the percentage dry weight of the sample (Table 1) . High concentrations of the non polar fractions (PEF) were obtained from Chlorophyta (0.57% to 1.14%). EAF (slightly polar) was seen the highest in U. fasciata (1.50%), but generally in Rhodophyta (0.16% to 0.34%). CF was seen higher in Rhodophyta (1.01% to 2.46%) even though Chlorophyta such as C. antennina (1.98%) and E. proliferaNjarakkal (1.18%) also yielded appreciable concentrations.
Saponification and iodine values of the four fractions of seaweed extractions
Determination of saponification values provided an understanding of the total saponifiable and acidic matters in the sample. Saponification values were seen > 300 in the CF which indicated the contribution of fatty acids in the fraction (Table 2) . PEF had low saponification values with an exception by the fractions obtained from U. fasciata and E. prolifera from both locations. The exceptional saponification values of PEF in U. fasciata and E. prolifera, remarked the availability of fatty acids which were not saponified during the extraction procedures. SF also exhibited moderate saponification values indicating the presence of acidic functions in the glycosidic linkages. Iodine values which denoted the extent of unsaturation, also exhibited similar patterns with exceptions in SF. SF and EAF had relatively low iodine values. The CF had high iodine values which highlighted the content of unsaturated fatty acids. 
Antioxidant activity
The antioxidant properties are not purely based on the free radical quenching [32] . Henceforth, the antioxidant activity analysis was done with three methods, namely, the DPPH, the ferrous tartrate and the KMnO 4 titration methods. Throughout these methods, the activity showed a concentration dependency which increased with concentrations. The antioxidant activities of the seaweed extracts were estimated in comparison with the respective standards (Tables 3 and 4) and the results were reported in 4 equivalent values (Tables 5-7) . 
Table 6
Antioxidant activity study of the fractions of seaweed extracts based on ferrous tartrate method. n = 3. DPPH free radical scavenging was seen the highest in the CF of G. corticata var. cylindrica with 3.974%, 4.626%, 12.774% and 5.064% of ascorbic acid, BHT, α-tocopherol and resorcinol equivalences respectively. SF of G. foliifera also exhibited similar patterns with 3.871%, 4.342%, 8.025% and 4.635% of ascorbic acid, BHT, α-tocopherol and resorcinol equivalences respectively. The highest antioxidant PEF and EAF were exhibited by G. foliifera and G. corticata var. cylindrica respectively. The least antioxidant potential was observed in G. corticata.
Ferrous tartrate method indicated the potency of the extracts in acting as a reducing agent. This activity was observed in general to the maximum in the SF fractions. G. corticata var. cylindrica and C. antennina generally exhibited the maximum activity with respect to all the 4 standards. The highest reducing activity of the PEF and EAF was exhibited by C. antennina. Reducing activity of the CF was found highest in C. antennina. EAF of C. antennina exhibited the highest BHT (0.756%), α-tocopherol (0.751%) and resorcinol (1.282%) equivalences. SF of G. corticata var. cylindrica exhibited the highest ascorbic acid (0.684%) equivalence. In general, the highest total reducing potential was observed for the extracts of C. antennina. The least potential was exhibited by the extracts of G. foliifera.
KMnO 4 titrimetric method indicated the total oxidation potential, which was observed to be the maxima for the SF. SF of E. prolifera from the Kayamkulam location and G. corticata showed the highest oxidation potentials. The highest total oxidising activity for the CF was observed in the G. corticata var. cylindrica with 0.123%, 1.233%, 13.672% and 1.791% of ascorbic acid, BHT, α-tocopherol and resorcinol equivalences. SF of E. prolifera from the Kayamkulam location possessed 0.365%, 3.646%, 40.431% and 5.295% of ascorbic acid, BHT, α-tocopherol and resorcinol equivalences. In general, E. prolifera and G. corticata var. cylindrica exhibited the highest total oxidising capabilities.
Antibacterial activity
Each fraction segregated by the solvent extractions as above, was observed to possess moderate antioxidant activities which could be incorporated into antimicrobial studies too (Figure 1 , Tables 8 and  9 ). Cell walls of microorganisms were made of polysaccharides and lipophilic materials which could be easily oxidized upon with compounds indicating the antioxidant activities. Gram-negative bacteria were more resistant due to the additional presence of a lipid polysaccharide layer on the outer surface which protected it from easy attack of drugs and antibiotics. The solvent impregnated disc (blank) indicated 2.00 mm diameter in the streaked plates of S. aureus and S. abony, whereas 3.00 mm in B. cereus and E. coli. Thus, 2.00 mm of inhibitory diameter was reduced as the blank correction upon the observations made on the activity against S. aureus and S. abony and 3.00 mm deduction against B. cereus 
aureus, B. cereus, E. coli and S. abony; B:
Positive control disc placed on the culture plates; C: Sample discs placed on the culture plates; EPN: E. prolifera-Njarakkal.
Table 9
Antimicrobial activity with respect to chloramphenicol and tetracycline as positive control respectively.
Analyte Fraction Chloramphenicol equivalents (% of activity)
Tetracycline equivalents (% of activity)
S. aureus B. cereus E. coli S. abony S. aureus B. cereus E. coli S. abony C. antennina PEF
0.00 ± 0.00 0.00 ± 0.00 10.10 ± 0.43 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 13.00 ± 0.66 0.00 ± 0.00 EAF 0.00 ± 0.00 8.00 ± 0.41 10.00 ± 0.47 0.00 ± 0.00 0.00 ± 0.00 10.00 ± 0.47 13.10 ± 0.54 0.00 ± 0.00 CF 0.00 ± 0.00 8.10 ± 0.35 10.10 ± 0.45 0.00 ± 0.00 0.00 ± 0.00 10.00 ± 0.46 13.10 ± 0.58 0.00 ± 0.00 SF 0.00 ± 0.00 8.20 ± 0.38 10.10 ± 0.41 0.00 ± 0.00 0.00 ± 0.00 10.00 ± 0.40 13.10 ± 0.63 0.00 ± 0.00 E. proliferaKayamkulam PEF 25.30 ± 1.20 0.00 ± 0.00 5.00 ± 0.20 0.00 ± 0.00 22.00 ± 1.06 0.00 ± 0.00 6.00 ± 0.29 0.00 ± 0.00 EAF 19.00 ± 0.90 0.00 ± 0.00 10.00 ± 0.43 0.00 ± 0.00 17.00 ± 0.82 0.00 ± 0.00 13.00 ± 0.66 0.00 ± 0.00 CF 13.00 ± 0.64 0.00 ± 0.00 10.10 ± 0.44 0.00 ± 0.00 11.00 ± 0.53 0.00 ± 0.00 13.10 ± 0.59 0.00 ± 0.00 SF 19.00 ± 0.93 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 17.00 ± 0.62 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 E. proliferaNjarakkal PEF 25.20 ± 1.22 0.00 ± 0.00 10.10 ± 0.16 0.00 ± 0.00 22.00 ± 1.01 0.00 ± 0.00 13.00 ± 0.53 0.00 ± 0.00 EAF 13.00 ± 0.87 0.00 ± 0.00 10.20 ± 0.27 0.00 ± 0.00 11.00 ± 0.38 0.00 ± 0.00 13.00 ± 0.51 0.00 ± 0.00 CF 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 SF 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 8.00 ± 0.51 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 11.00 ± 0.48 G. corticata PEF 0.00 ± 0.00 0.00 ± 0.00 5.00 ± 0.21 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 6.00 ± 0.32 0.00 ± 0.00 EAF 6.00 ± 0.27 0.00 ± 0.00 10.10 ± 0.37 0.00 ± 0.00 6.00 ± 0.29 0.00 ± 0.00 13.00 ± 0.57 0.00 ± 0.00 CF 13.00 ± 0.60 0.00 ± 0.00 10.00 ± 0.41 0.00 ± 0.00 11.00 ± 0.50 0.00 ± 0.00 13.00 ± 0.71 0.00 ± 0.00 SF 13.00 ± 0.57 0.00 ± 0.00 10.00 ± 0.47 8.10 ± 0.31 11.00 ± 0.51 0.00 ± 0.00 13.00 ± 0.06 11.00 ± 0.46 G. corticata var. cylindrica PEF 0.00 ± 0.00 17.00 ± 0.75 10.20 ± 0.49 0.00 ± 0.00 0.00 ± 0.00 20.00 ± 0.96 13.00 ± 0.59 0.00 ± 0.00 EAF 25.10 ± 1.20 0.00 ± 0.00 10.10 ± 0.47 13.00 ± 0.61 22.00 ± 1.04 0.00 ± 0.00 13.00 ± 0.52 17.00 ± 0.77 CF 0.00 ± 0.00 8.10 ± 0.40 10.10 ± 0.46 0.00 ± 0.00 0.00 ± 0.00 10.00 ± 0.47 13.00 ± 0.55 0.00 ± 0.00 SF 0.00 ± 0.00 13.00 ± 0.60 15.20 ± 0.73 0.00 ± 0.00 0.00 ± 0.00 15.0 ± 0.72 19.00 ± 0.91 0.00 ± 0.00 G. foliifera PEF 0.00 ± 0.00 0.00 ± 0.00 10.10 ± 0.15 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 13.00 ± 0.34 0.00 ± 0.00 EAF 13.00 ± 0.43 8.00 ± 0.42 10.20 ± 0.04 13.00 ± 0.03 11.00 ± 0.50 10.00 ± 0.08 13.00 ± 0.64 17.00 ± 0.84 CF 13.00 ± 0.38 4.00 ± 0.20 5.10 ± 0.16 8.00 ± 0.14 11.00 ± 0.53 5.00 ± 0.14 6.00 ± 0.57 11.00 ± 0.50 SF 13.00 ± 0.52 8.00 ± 0.40 10.10 ± 0.14 8.20 ± 0.18 11.00 ± 0.42 10.00 ± 0.44 13.00 ± 0.78 11.00 ± 0.54 2.00 ± 0.09 3.00 ± 0.14 3.00 ± 0.15 2.00 ± 0.10 Tetracycline 9.00 ± 0.43 10.00 ± 0.48 8.00 ± 0.38 9.00 ± 0.43 CP 8.00 ± 0.38 12.00 ± 0.57 10.00 ± 0.43 12.00 ± 0.37 C. antennina PEF 2.10 ± 0.10 3.00 ± 0.14 4.00 ± 0.23 2.00 ± 0.09 EAF 1.50 ± 0.07 4.00 ± 0.19 4.00 ± 0.07 2.00 ± 0.04 CF 2.00 ± 0.13 4.00 ± 0.20 4.00 ± 0.06 2.00 ± 0.13 SF 2.10 ± 0.06 4.00 ± 0.09 4.00 ± 0.29 2.00 ± 0.19 E. proliferaKayamkulam PEF 4.00 ± 0.20 2.50 ± 0.12 3.50 ± 0.17 2.00 ± 0.10 EAF 3.50 ± 0.17 3.00 ± 0.11 4.00 ± 0.21 1.50 ± 0.04 CF 3.00 ± 0.15 3.00 ± 0.17 4.00 ± 0.02 1.50 ± 0.03 SF 3.50 ± 0.10 3.00 ± 0.08 3.00 ± 0.17 2.00 ± 0.10 E. proliferaNjarakkal PEF 4.00 ± 0.11 3.00 ± 0.03 4.00 ± 0.21 1.50 ± 0.07 EAF 3.00 ± 0.13 3.00 ± 0.06 4.00 ± 0.27 2.00 ± 0.11 CF 2.00 ± 0.19 3.00 ± 0.14 3.00 ± 0.08 2.00 ± 0.14 SF 2.00 ± 0.08 2.50 ± 0.12 3.00 ± 0.05 3.00 ± 0.12 G. corticata PEF 1.50 ± 0.08 3.00 ± 0.18 3.50 ± 0.17 2.00 ± 0.11 EAF 2.50 ± 0.12 2.50 ± 0.12 4.00 ± 0.21 2.00 ± 0.13 CF 3.00 ± 0.10 3.00 ± 0.15 4.00 ± 0.05 2.00 ± 0.06 SF 3.00 ± 0.11 3.00 ± 0.17 4.00 ± 0.08 3.00 ± 0.07 G. corticata var. cylindrica PEF 2.00 ± 0.18 5.00 ± 0.24 4.00 ± 0.03 2.00 ± 0.16 EAF 4.00 ± 0.26 3.00 ± 0.05 4.00 ± 0.06 3.50 ± 0.09 CF 2.00 ± 0.15 4.00 ± 0.01 4.00 ± 0.08 2.00 ± 0.12 SF 2.00 ± 0.07 4.50 ± 0.22 4.50 ± 0.02 2.00 ± 0.04 G. foliifera PEF 2.00 ± 0.11 3.00 ± 0.04 4.00 ± 0.11 2.00 ± 0.08 EAF 3.00 ± 0.08 4.00 ± 0.09 4.00 ± 0.31 3.50 ± 0.17 CF 3.00 ± 0.13 3.50 ± 0.06 3.50 ± 0.10 3.00 ± 0.12 SF 3.00 ± 0.11 4.00 ± 0.10 4.00 ± 0.14 3.00 ± 0.14 U. fasciata With respect to the tetracycline as the positive control, highest antibacterial activity with broad spectrum activity on both Grampositive and Gram-negative bacteria was exhibited by the fractions of U. fasciata except PEF. G. corticata var. cylindrica extracts had high inhibitory activity on E. coli, whereas moderate and selective activity on the other strains. E. prolifera (collected from Kayamkulam area) showed good inhibitory responses to S. aureus and E. coli. Similar activity was shown by the extracts of G. corticata. Fractions of G. foliifera, except PEF exhibited moderate broad spectrum activity.
With respect to chloramphenicol as the positive control, the activity was observed almost in the similar pattern to that of tetracycline. The analytical conclusion thereby stated the extracts of U. fasciata to be comprehensively active against a broad spectrum of pathogens. Selective extracts of seaweeds were seen to yield good and appreciable activities. Prominent bactericidal activities against the strains of S. aureus by the EAF of U. fasciata, B. cereus by the PEF of G. corticata var. cylindrica, E. coli by the SF of G. corticata var. cylindrica and S. abony by the EAF of U. fasciata were observed.
GC-MS profiling
The 4 fractions (PEF, EAF, CF and SF) extracted were observed to have good antioxidant and antimicrobial activities. Hence, these bioactive fractions were subjected to GC-MS analysis, which revealed the major chemical compositions of these extracts (Table 10 ). PEF of Chlorophyta exhibited large combinations of alkanes, alkenes, alkynes and alcohols. High alkane content among the Chlorophyta was seen in PEF of E. prolifera collected from both (C-8 to C-43; 0.367% and C-8 to C-44; 0.453%) locations. In Rhodophyta, G. foliifera had 0.211% of alkanes (C-11 to C-32). Alkenes were observed in the PEF of E. prolifera collected from the Njarakkal location (C-7 to C-17; 0.091%). Alkynes were seen in PEF of E. prolifera (C-18, C-19; 0.044%) and G. foliifera (C-20; 0.022%). Five alcohols were seen in the PEF of E. prolifera (C-10 to C-20; 0.115%). Phytol was the most common alcohol observed in the analysed seaweeds. EAF of the seaweeds exhibited the presence of sterols with cholesterol and its analogues as the common occurrence. Sterols ranged from C-17 to C-30 in the Chlorophyta. U. fasciata contained 0.182% of sterols. And 0.196% of C-27 to C-29 sterols was seen in G. foliifera belonging to the Rhodophyta family. Table 10 GC-MS profiling of the fractions of seaweed extracts. No specific peaks were observed upon the direct GC-MS injection of CF. Hence, it was subjected to esterification to yield the fatty acid methyl esters. Fatty acid methyl esters were detected in the GC-MS and was found to be possessed with SFA, MUFA and PUFAs. SFAs (C-13 to C-18) were seen the highest in Chlorophyta with 0.480% in C. antennina. E. prolifera collected from the Njarakkal location exhibited low SFAs (C-13 to C-17) with 0.086%. Among the Rhodophyta, G. foliifera had the highest SFAs with 0.351% (C-08 to C-27). Pharmacologically important unsaturated fatty acids were seen the highest in Chlorophyta. E. prolifera-Njarakkal had 0.210% of MUFAs (C-16:1 and C-18:1) and 0.290% of PUFAs (C-16:4, C-18:2, C-18:3, C-18:4, C-20:3 and C-20:4). Omega fatty acids were observed in majority with 41% ω-3, 17% ω-6, 27% ω-7 and 15% ω-9. Similarly, C. antennina had 0.136% MUFAs (C-16:1 and C-18:1) and 0.415% PUFAs (C-16:4, C-18:2, C-20:4 and C-20:5). Acids were also belonging to the omega fatty acids with 39% ω-3, 26% ω-6 and 35% ω-7. 0.142% of MUFAs (C-12:1, C-16:1 and C-18:1) and 0.069% of PUFA (C-18:2 and C-20:3) were observed in U. fasciata with 23% ω-3, 23% ω-7, 21% ω-9 and 23% ω-11 omega fatty acids. E. prolifera collected from the Kayamkulam location was observed to have low contents of MUFAs and PUFAs. Rhodophyta had low variations of MUFAs and PUFAs. High variations were observed in G. foliifera with 0.273% MUFAs (C-14:1, C-16:1, C-17:1 and C-18:1) and 0.070% PUFAs (C-25:2). 0.032% of MUFAs (C-18:1) was observed in G. corticata var. cylindrica which belonged to ω-9 fatty acids. G. corticata was observed with 0.137% of MUFAs with 48% C-17:1 ω-9 and 52% C-18:1 ω-8 fatty acids. CF of E. prolifera and C. antennina had the ω-6/ω-3 ratio within the World Health Organization (WHO) (< 10) prescribed standards. SF of the analysed seaweeds couldn't be detected in GC-MS. This observation highlighted the presence of non-volatile high molecular glycosidic linkages which required more detailed investigation hereafter.
Statistical correlation
The biochemical constituents upon correlation analysis with the bioactivities exhibited and indicated appreciable positive correlations (Tables 11 and 12 ). The amount of total extractives correlated with the antioxidant and antimicrobial activities. The alcohols, alkanes, alkenes and alkynes contents in the PEF correlated positively with the iodine value and microbiological activities. The presence of these indicated a lethal effect on E. coli, S. aureus and B. cereus. The fatty acids such as the SFAs, MUFAs and PUFAs exhibited positive correlations with all the three antioxidant activities, saponification and iodine value. It was also active against B. cereus and E. coli. Sterol rich EAF correlated with the antimicrobial activities indicated its broad spectrum antimicrobial activity. Antioxidant activities were also seen to be correlated with the antimicrobial activities too. Both the DPPH and ferrous tartrate active fractions were seen to correlate with all the four microbes which indicated the broad spectral activities. The area of interest of the current study was upon the saponins content and it exhibited full segment antioxidant activity. It was positively correlated to the lethality of B. cereus and S. abony. 
Discussion
Most of the in vitro bioactivity studies done in seaweed species were concluded the activity in relation with the phytochemicals such as polyphenolic compounds, flavonoids and terpenes. Generation of new degenerative chemicals and mutation of microorganisms has led to the urgent need for alternative compounds with advanced multifaceted activities.
Phytocompounds such as saponins, fatty acids, sterols, alkanes, alkenes, alkynes and alcohols that are produced by the marine algae could be extracted and used for fulfilling the expected demands. Marine algae estimated in the present study contain novel antioxidant and antimicrobial compounds which could act against free radical generations, oxidative stress and in eliminating the pathogenic bacteria growths.
The saponins content of seaweed have gained recent scientific attention due to its pharmaceutical importance. They have positive effects on the lowering of heart diseases and are also observed to be the key point in the pharmaceutical properties of traditional herbs. The observations of the current study were aligning with the previous studies done on seaweeds [8, 9] . Saponins were observed in extracts of seaweeds collected from the Indian coast [8] . 0.35%- with reducing powers [12] . Terrapene ornata and Sargassum polycystum collected from Thailand were reported to have high free radical scavenging properties and reducing properties [33] . corticata and E. prolifera collected from the Njarakkal location.
The present study was an in-depth analysis on bactericidal activity after solvent speciation.
Earlier studies have reported the presence of phenolic compounds as the source of antioxidant and antimicrobial activities. The data gathered from this study demonstrated the alkanes, alkenes, alkynes, alcohols, sterols and fatty acids as contributors to the observed bioactivities. The presence of these compounds was already reported in earlier studies in seaweeds.
Methanolic extract of Laurencia brandenii, collected from the southwest coast of India upon GC-MS analysis exhibited the presence of hexanols, dodecanol, hexadecanoic acid, 9-dodecanoic acid, PUFAs etc. [36] . The GC-MS analysis of the methanolic extract of Solanum marginatum showed the presence of tetradecanoic acid, n-hexadecanoic acid and phytols [39] . The highly active methanolic extracts of the 15 red seaweed samples collected from the southwest coast of India, upon GC-MS analysis evidenced the presence of ω-9 PUFAs and some other fatty acids [36] . GC-MS analysis of the fractions of red and brown seaweeds evidenced 3%-5% of ω-9, 3%-32% of ω-6 and 8%-63% of ω-3 PUFAs [40] .
Ulva lactuca and Durvillaea antarctica collected from the coastal area of Chile, had high contents of PUFAs and MUFAs. The saturated acids ranged from C-12 to C-24, MUFAs from C-14 to C-22 (ω-7 and 9) and PUFAs from C-16 to C-22 (ω-3, 6 and 7).
Total SFAs content was 33% and 25%, total MUFAs content was 36% and 38% and PUFAs was 18% and 34% respectively [41] .
Porphyra sp. collected from Japan, Korea and China, Undaria pinnatifida, Laminaria sp., and Hizikia fusiforme collected from
China were reported to have the contents of SFAs in the range of C-12 to C-24, MUFAs in the range of C-14 to C-22 (ω-5, 7, 9, 11 and 13) and PUFAs in the range of C-18 to C-22 (ω-3 and 6). The total SFAs content was 35%, 44%, 17%, 41% and 28%
respectively. MUFAs content was 18%, 20%, 7%, 17% and 13% respectively and PUFAs content was 44%, 33%, 73%, 39% and 57% respectively [42] . Twenty-two tropical seaweeds collected from the Saurashtra coast, India, showed high level of ω-6 and ω-3 PUFAs with their ratios underlying with the WHO prescription limits [43] . The fatty acid composition was with high palmitic acid (C16:0) content and traces of other SFAs. High contents of PUFA with 11% to 65% in Rhodophyta, 39% to 49% in Phaeophyta and 14% to 43% in Chlorophyta were reported. Omega-3 and ω-6
were seen in all analysed seaweeds. Omega-6/ω-3 ratio was seen to be < 10 which was within the WHO prescribed standards except in G. corticata, Gracilaria dura, Gracilaria debilis and Gracilaria fergusonii where the values exceeded [43] . The total lipid content varied from about 0.4%-1.8% in Paradoxophyla palmata [1] . Three edible species of Caulerpa genus exhibited high PUFA contents with ω-3 and ω-6 fatty acids [34] . GC-MS analysis of the solvent extracted fractions of red and brown seaweeds also evidenced 3%-5% of ω-9, 3%-32% of ω-6 and 8%-63% of ω-3 PUFA [40] .
This study was able to prove that the six selected seaweeds from the southwest coast of India were a significant source antennina as a resource for food may not be advisable as it may not necessarily be edible. But the cultivation would be viable where the species could be considered as a commercial raw material or as a nutraceutical extractive source.
